Essential oils of Piper subtomentosum (leaves and inflorescences) and Piper septuplinervium (aerial parts) were analyzed by GC-MS; sixty-three compounds were determined, representing 92.0%, 86.9 %, and 91.8 % of the total relative oil composition of the leaves, inflorescences, and aerial parts, respectively. The most abundant component in the aerial parts and inflorescence oils was α-pinene (27.3%, 21.0%, respectively), and δ-cadinene was the main component of the leaf oil. Insecticidal activity of the essential oils were determined on the Spodoptera frugiperda second instar larvae; the essential oil from the aerial parts of P. septuplinervium was the most active against insect pests (LC 50 = 9.4 μL/L of air). Statistical analysis by direct Pearson correlation showed that the insecticidal activity of the essential oils was primarily due to camphene and α-and β-pinene. The effect of the oils on the insect life cycle was also evaluated, and in some cases, a delay in growth and inhibition of the oviposition in the females were observed.
Piperaceae species have a wide distribution, economic importance, ethnobotanic utility, chemical diversity and proven biological activity [1] ; insecticidal activity has been widely studied, especially in the Piper genus [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . P. septuplinervium (vine) and P. subtomentosum (tree) are commonly known as cords and distributed in Colombia.
Previous phytochemical studies indicated the presence of flavonoids with antifungal activity in P. septuplinervium [12] , but P. subtomentosum has not been previously studied. This is the first report of the chemical composition and insecticidal properties of the essential oils of P. subtomentosum and P. septuplinervium.
The chemical composition of the essential oils is listed in Table 1 . GC-MS analysis successfully detected sixty-three components, which accounted for 92%, 86.9%, and 91.8% of the essential oil compositions. Oxygenated sesquiterpenes and hydrocarbons were the major components of P. subtomentosum leaf oil (91.1%), with δ-cadinene (45.2%) as the most predominant component. Monoterpene hydrocarbons were present in important relative quantities in the essential oils from the inflorescences and aerial parts (48% and 75.6% respectively), with α-pinene (27.3% and 21.0%) being the most substantial compound in both oils; these terpene hydrocarbons have been previously reported as essential oil constituents of the genus Piper [8, [13] [14] [15] [16] [17] The insecticidal activity of the essential oils on second instar larvae of Spodoptera frugiperda was determined by fumigant activity assay. The results are shown in Table 2 ; the oils with the highest content of monoterpene hydrocarbons (inflorescence of P. subtomentosum and aerial parts of P. septuplinervium) produced the highest levels of mortality in the larvae tested, indicating low LC 50 values (13.2 µL/L of air and 9.4 µL/L of air, respectively). The leaf essential oil of P. subtomentosum produced only a minor insecticidal effect, which corresponds to a high LC 50 value (146.0 µL/L of air). These results agree with previous literature reports [5, [18] [19] [20] ; many authors have attributed the insecticidal activity of essential oils to their content of monoterpene hydrocarbons To approximate whether the monoterpenes were responsible for the activity, we related their content in the two most active oils with their LC 50 values by the Pearson correlation coefficient [21] . The values show that there is a significant inverse relationship between: camphene (r 2 =-0.999), β-pinene (r 2 =-0987), and α-pinene (r 2 =-0947) with the LC 50 value and, therefore, it is unlikely that any of these compounds is responsible for the mortality observed in S. frugiperda larvae. The insecticidal activity of pure monoterpene hydrocarbons (camphene, α-pinene, and β-pinene) on second instar larvae of S. frugiperda was determined by fumigant activity assay. The results are presented in Table 3 ; the LC 50 and LC 90 values produced by the monoterpenes showed that the mortality caused by the tested substances is high at low concentrations; α-pinene and camphene were the most active (LC 50 5.7 and <0.6 µL/L air, respectively). In both cases, the LC 50 values were lower than those shown by the essential oils, which indicate that the action of the two monoterpenes mentioned is substantially less on larvae of S. frugiperda in mixture than as pure compounds. It is further important to note that, according to the tests performed, it can be concluded that the presence of camphene, low in the essential oils, showed significant insecticidal effect on S. frugiperda larvae under the test conditions, taking into account the low LC 50 determined.
The effect of the essential oils with high monoterpene contents on insect growth, and the inhibition of each larval growth stage produced were determined by measuring size and comparison of this with a control treatment. The results are shown in Table 4 . The essential oils produced growth delay of the larvae at the concentrations tested; during the first 10 days of incubation the size decreased by 75% compared with the control treatment. Table 1 : Constituents identified in essential oils of inflorescences and leaves of P. subtomentosum, and aerial parts of P. septuplinervium.
a.
Retention indices on RTX-5MS After 22 days of incubation, after which time the treatment control had reached 80% pupation, the state of the insects in the other treatments was determined. Table 5 shows the state of insect growth as a result of the different treatments; in most cases, a small delay in adult emergence with respect to the control was noticed. In all treatments, except the control, high mortality of larvae after 22 days of incubation was observed. This result indicates the probability that the essential oils cause inhibition of some stages of morphogenesis producing insect death.
In the treatments, when possible, the effect of the essential oils on female oviposition was determined. Pupae were sexed and the following pairs were made:
Male control-female treated with the essential oil from the aerial parts of P. septuplinervium oil (LC 25 ) 
Female control-male treated with inflorescences of P. subtomentosum oil (LC 25 ) 
Male control-female treated with inflorescences of P. subtomentosum oil (LC 25 ) The assay showed that the essential oil from P. subtomentosum aerial parts, at the LC 25 value, produced effects on both the female and the male, producing a decrease of 33% with respect to the control couple. The essential oil from the aerial part of P. septuplinervium, at a concentration corresponding to its LC 25 value, produced the most significant effects by totally inhibiting female oviposition.
Experimental
Plant material: Leaves and inflorescences from P. subtomentosum Trel &Yunck, and the aerial parts of P. septuplinervium Miq. C. DC. were collected in Granada, Cundinamarca, Colombia in August 2010; the samples were verified by biologist Adolfo Jara. The voucher specimens were deposited at the National Colombia Herbarium with numbers COL-517695 (Piper septuplinervium) and COL-516758 (Piper subtomentosum).
Extraction of essential oils:
Essential oils from the aerial parts and leaves were obtained through steam distillation of 980 g and 820 g of plant material, respectively. The inflorescence oil was obtained by hydrodistillation of 550 g of plant material. The oils were dried over anhydrous sodium sulfate and stored at 4°C until further analysis.
GC-MS analysis:
Gas chromatography-mass spectrometry analyses of the essential oils were performed using an Agilent Technologies 7890A GC System with a capillary RTX-5 (60 m x 0.25 mm x 0.25 µm) column, using an electron impact ionization system at 70 eV in the full scan mode. Helium was used as the carrier gas at a constant flow rate of 1 mL/min. The oven temperature was programmed as follows: 50°C -160°C at 4°C/min, 160°C -220°C at 2.5°C/min and 280°C at 8°C/min. The diluted samples (1/50, v/v, in n-hexane) were injected in split mode at 1:20. The relative percentages of the oil components were expressed as normalized percentage peak areas; the identities of the essential oil components were assigned by comparing their retention times to a series of n-alkanes, the mass spectra in the NIST 08.L database, and data reported in the literature [22] [23] [24] [25] . Piper septuplinervium and P. subtomentosum essential oil Natural Product Communications Vol. 9 (10) 2014 1529
Bioassays
Biological material: S. frugiperda larvae were collected in Espinal (Tolima) from sorghum and corn crops without prior application of insecticides. On the same day, the collected larvae were transported to an incubation room in the Biopesticides-Entomology Laboratory of the Biotechnology Institute (IBUN) at the National University of Colombia. The larvae were quarantined for 8 days on an artificial diet [26] under controlled conditions at 28 ± 2°C and 65 ± 5% relative humidity with a 12 h:12 h photoperiod (light: darkness) [27] .
Determination of insecticidal activity of essential oils:
The insecticidal activity was determined using a fumigation activity assay. Paper filter disks (Whatman No. 1, 2 cm diameter) were used and impregnated with different quantities of oil equivalent to concentrations between 500 -1 μL/L of air; each paper filter disk was positioned at the mouth of a 1.5 mL flask, which was placed in a larger volume flask with 10 S. frugiperda second instar larvae and an artificial diet disk to prevent cannibalism. A blank was used as the negative control, and the flasks were maintained under controlled conditions (28 ± 2°C, 65 ± 5% relative humidity and a photoperiod of 12 h:12 h light: darkness). Each concentration and the control were assayed in triplicate. A count of the surviving larvae was conducted 24 h after exposure, and the mortality percentage was calculated using the Abbot correction formula [28] . The LC 50 and LC 90 values with 95% confidence intervals were determined by probit analysis [29] .
Effect on the life cycle: S. frugiperda second instar larvae were exposed to the essential oils from the inflorescences of P. subtomentosum and aerial parts of P. septuplinervium in doses that corresponded to LC 50 and LC 25 as determined by Probit analysis for each oil. After 24 h, the surviving larvae from each treatment were placed into one ounce plastic cups containing an artificial diet. Afterwards, they were allowed to feed for 72 h. Later, 3 treatment cups were removed every 48 h at random, and the length of the larvae was measured. When the control was pupated at 80%, the remaining cups for each treatment were examined every 48 h to observe the percentage of larvae in the pupa and adult stages, as well as the time lapse between the larval to pupa and pupa to adult stages [30] . Subsequently, when possible, the treated individuals were paired with control individuals to observe the effects on female oviposition.
Statistical analysis:
The larvae lengths were measured in triplicate, and the average values were calculated and reported as the mean ± 1SD. The Pearson correlation coefficient was calculated using Excel 2007. 
